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SPECIFICATION 

1. Title of the Invention 

DEFECT INSPECTING OR DIMENSION MEASURING METHOD FOR PATTERN 

2. Scope of Claim for Patent 

5 1, A defect inspecting or dimension measuring method for a 
pattern correcting an picked-up image data or a reference 
data to be compared with said picked-up image data on the 
basis of an image pick-up error including unequal pitch 
component in sensor arrangement direction due to 
10 preliminarily derived distortion specific to an magnifying 

lens, or the like upon performing detect inspection or 
dimension measurement of said pattern by irradiating a 
light on a pattern formed on a transparent body, such as 
glass wafer, mask or the like, forming image on an image 
15 pick-up element, in which a large number of sensors are 

arrayed, through an magnifying lens, and obtaining said 
picked-up image data. 
2. A defect inspecting or dimension measuring method for a 
pattern as set forth in claim 1, wherein the picked-up 
2 0 image data obtained by forming the image of the pattern 

of known shape and known dimension on the image pick-up 
element and the reference data of said pattern for 
preliminarily deriving the image pick-up error including 
unequal pitch component. 
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3. A defect inspecting or dimension measuring method for a 
pattern as set forth in claim 1, wherein the image pick-up 
error including unequal pitch component is preliminarily 
derived by a difference of signals in the case where the 
5 image is formed through a center of optical axis of the 

expansion lend and in the case where the image is formed 
through other optical axis. 
3. Detailed Description of the Invention 
[Field of Industrial Application] 
10 The present invention relates to a defect inspecting or 

dimension measuring method for a pattern formed on a transparent 
body, such as glass wafer, mask including reticle or the like 
to be used in fabrication of semiconductor device, and 
particularly to improvement of inspection or measuring 
15 precision. 
[Prior Art] 

As shown in Fig . 5 , a device to be used for defect inspection 
or dimension measurement of this kind, sets a mask 1 on a stage 
2, irradiates a light from a light source 3 provided in upper 
20 position to an inspection or measurement site of the mask 1 
by a lighting lens 4 and forms an image of the pattern formed 
on the lower surface of the mask 1 in the image pick-up element 
6 with expansion by the magnifying lens 5. The image pick-up 
element 6 is arranged a large number of fine sensors linearly 



JP-A 62-286752 

Copied from 09765095 on 10/14/2004 



or in plane in equal pitch to cause an output of 0 to 64 levels 
a pattern information (picked-up image data) 7 depending upon 
a light receiving amount per each sensor to apply this to a 
pattern information comparing circuit 8. The stage 2 mounting 
the mask is movable in X, Y 6 , Z ( 6 , Z can be unnecessary in 
some case) and moves with. checking a position by a laser length 
measurement system 10, CPU 11 and a stage driving circuit 12 
(laser length measurement systems and stage driving circuits 
are provided in the XY axes but only one is illustrated) for 
supplying a reference data 13 produced with a design data or 
the like of the mask 1 of the portion where the pattern information 
7 is generated from the image pick-up element 6 as irradiated 
the light , to a pattern information comparing circuit 8 to compare 
with the pattern information 7, If both do not match, it is 
taken as defect to output a defect information 12 of the defective 
site, kind, number, dimension and shape . A flowchart of defect 
inspection is shown in Fig. 6. Namely, pattern information 
7 is obtained by performing pattern measurement 20 to perform 
data comparison 21 with the reference data 13. It should be 
noted that a pattern dimension can also be obtained from the 
pattern information 7. 

[Problem to be Solved by the Invention] 

For accurately performing the defect inspection or 
dimension measurement, a pattern information (picked-up image 
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data) 7 obtained through the magnifying lens 5 and the image 
pick-up element 6 has to be accurately match with the pattern 
on the mask 1. On the other hand, in the recent years, when 
a minimum line width becomes less than or equal to 1 m m according 
to progress of densif ication of LSI pattern, demand measurement 
precision becomes 0.1 to 0.2 // m or higher. Also, speeding up 
of measurement speed is also becoming important task. 
Improvement of measurement precision becomes possible by 
increasing of magnification by the magnifying lens 5. On the 
other hand, improvement of the measurement speed can be achieved 
by using the magnifying lens 5 having large view field size. 
However, by increasing magnification and view field size, error 
of the magnifying lens 5 appears significantly to cause position 
error of the pattern information 7 obtained from the image pick-up 
element 6 relative to the actual pattern. Important causes 
of the position error is a magnification error, distortion or 
the like of the magnifying lens 5, and it is not possible to 
make these zero completely. 

An object of the present invention is to reduce inspection 
or measurement error on the basis of an error of pattern 
information 7 including unequal pitch component in sensor 
arraying direction due to not only magnification error but also 
distortion or the like of the magnifying lens. 
[Means for Solving the Problem] 
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The present invention is characterized by correcting an 
picked-up image data or a reference data to be compared with 
said picked-up image data on the basis of an image pick-up error 
including unequal pitch component in sensor arrangement 
direction due to preliminarily derived distortion specific to 
an magnifying lens , or the like upon performing detect inspection 
or dimension measurement of said pattern by irradiating a light 
on a pattern formed on a transparent body, such as glass wafer, 
mask or the like, forming image on an image pick-up element, 
in which a large number of sensors are arrayed, through an 
magnifying lens, and obtaining said picked-up image data. 
[ Operation ] 

The pattern formed on the image pick-up element through 
the magnifying lens contains error due to magnification error, 
distortion or the like specific to the magnifying lens . 
Therefore, defect inspection or dimension measurement is 
performed for the picked up image as is , inspection or measurement 
should be done for the pattern different from actual pattern 
to cause error in inspection or measurement. The present 
invention makes correction for the picked up image data or the 
reference data to be compared with the picked up image data 
on the basis of the preliminarily derived image pick-up error 
including unequal pitch component in sensor arrangement 
direction due to distortion or the like specific to the magnifying 
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lens for performing inspection or measurement with eliminating 
error due to magnifying lens. With this method, since error 
of picked up image data caused by increasing of magnification 
or expansion of view field size can be eliminated, improvement 
5 of precision and improvement of speed of inspection or 
measurement can be achieved. 
[ Embodiment ] 

One embodiment of the present invention will be discussed 
hereinafterwithref erence toFigs . 1 to 4 . Fig. 1 is a conceptual 

10 illustration showing one example of a device for implementing 
the present invention. In Fig. 1, like portions to those in 
the conventional device of Fig. 5 set forth above will be 
identified by like reference numerals and discussion thereof 
will be eliminated. What is different in Fig, 1 from Fig. 5 

15 is that correction 16 of error due to magnification error, 
distortion or the like of the magnifying lens 5 relative to 
the pattern information 7 and then introduce into the pattern 
information comparing circuit 8. 

Fig. 2 shows a flowchart of one embodiment of the method 

2 0 according to the present invention by the device of Fig, 1, 
In advance of discussion, error caused by the magnification 
lens will be explained. 

A position error amount y of respective portion of 
magnified image of the magnification lens 5 is correlated to 
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a distance x from the center of the lens , and typically expressed 
by the following expression. 



5 

wherein a ... magnification error coefficient, b ... 
distortion coefficient and a ... an error due to other factor 
and is quite small. 

In the foregoing expression (1), amount of ax is the 
10 magnification error, this can be relatively easily eliminated 
by performing calculation by expanding or contracting the 
pattern information in x direction with deriving the actual 
magnification and designed value since the error is equal pitch 
component relative to the sensor arrangement direction, namely 
15 in X direction. 

On the other hand , an amount bx^ is an error due to distortion , 
and becomes significantly apparent associating with improvement 
of the measurement precision and expansion of view field size. 
This amount bx^ is unequal pitch component with respect to sensor 
20 arrangement direction, namely in x direction. Therefore, it 
cannot be derived easily as ax- 
Discussion will be given for a manner of deriving amount 
of bx^. Fig. 3A illustrates a portion 100% passing the light 
is shown as 64 level and a portion 0% passing the light is shown 
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as 0 level in a design data 13a of chrome image of 10 /xmL&S 
drawn on the mask 1. However, from light characteristics, 
characteristics of chrome image, characteristics of electric 
control circuit, the actual picked up image data, slight sags 
5 is caused in rising up portion and falling down portion shown 
in Fig. 3B. Therefore, in the . shown embodiment, the design 
data 13a is simulated adapting to actual device to make into 
a form substantially as shown in Fig. 3B to use as reference 
data 13. Fig. 3C shows the reference data 13 and the picked-up 

10 image data (pattern information)? illustrated in overlapping 
manner for deriving an error from differences 8 a and 6 b. It 
should be noted that, actually, comparing the output levels 
at respective positions of the sensors of the image pick-up 
element 6 for checking difference to take a difference greater 

15 than or equal to 15 level as error. However, for facilitating 
discussion, it is shown in the position shifting direction of 
the pattern. 

The process for deriving actual error set forth above 
is lens distortion measurement 22 of Fig. 2. For example, as 
20 a result, it is assumed that the magnifying lens 5 has view 
field size of 400 m ni in diameter and distortion of 0.3 ill m at. 
the maximum. In this case, the error bx^ due to distortion is 
as illustrated by the curve shown in Fig. 4A. It should be 
noted that Fig. 4A shows the case where magnification error 
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is eliminated preliminarily. The curve y = bx^ shown in Fig. 
4A is expressed as : 



y = 7.5 X 10"' x' . (2) 

5 

as b = 7.5 x 10"® is obtained from measurement result of y = 
0.3 /zm, X = 200 nm. This is distortion calculation of Fig. 
2- 

Fig. 4B shows particular example of actual offset amount 
10 8 1 to 8 4 of the actual data 13 and the picked-up image data 
7 at respective x position. This is approximated with the value 
y derived by the foregoing expression ( 2 ) . Therefore, by 
calculating the amount to be corrected based on the foregoing 
equation (2) (shown by reference numeral 24 in Fig. 2) and 
15 correcting 16 of the pattern information 7 according to 
calculated amount, corrected pattern information 7a eliminated 
most error due to magnification lens can be obtained. 

This correction pattern 7a is input to the pattern 
information comparing circuit 8 shown in Fig. 1 to perform data 
2 0 comparison 21 with the reference data 13 to obtain more accurate 
defect information 14a eliminated the error. Needless to say, 
more accurate pattern dimension 15a can be obtained from the 
corrected pattern information 7a- 

The foregoing lens distortion measurement 22 , distortion 
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calculation 23, correction amount calculation and correction 
can be executed by CPU 11a. 

It should be noted that the chrome image pattern of p. 
m.L&S to be used in the foregoing lens distortion measurement 
22 is fine area about 400 /i m in diameter for the electron beam 
drawing apparatus, it can be fabricated within a range of error 
of 0.02 to 0.03 Aim including error in drawing, process or the 
like. Also, by employing the electron beam drawing apparatus, 
distance measurement in the same level can be performed to be 
satisfactorily adapted for lens distortion measurement 22 for 
performing inspection or measurement in sub-micron level. 

The embodiment set forth above has been discussed to handle 
the magnification error and distortion error separately and 
that the magnification error has already been eliminated. 
However, it is also possible to perform correction for these 
together. On the other hand, as measurement 22 of distortion, 
separately from the foregoing method, it may be measured based 
on a difference, such as dimensional difference or time 
difference of the signals obtained when a certain image is formed 
through the center of the optical axis of the magnifying lens 
5 and when image is formed through a position offset from the 
center of the optical axis. Furthermore, needless to say, when 
distortion amount is known with respect to each individual 
magnifying lens 5, the lens distortion measurement 22 and 
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distortion calculation 22 shown in Fig. 2. are unnecessary, the 
correction amount may be directly calculated from the distortion 
amount. Furthermore, while the foregoing embodiment shows the 
example where the pattern information 7 is corrected, it is 
also possible to effect correction. 
[Effect of the Invention] 

With the invention set forth above, improvement of 
precision by increasing of magnification and improvement of 
inspection or measurement speed by increasing of the view field 
size can be achieved without inducing error and thus is achieve 
remarkable effect for LSI fabrication or so forth as more and 
more densifyihg. 

4. Brief . Description of the Drawings 

Fig. 1 is a conceptual illustration of an apparatus 
implementing the present invention. Fig- 2 is a flowchart of 
a method according to the present invention. Fig. 3A is an 
illustration showing a design data of distortion measurement 
pattern of a lens. Fig. 3B is an illustration, in which the 
design data of Fig. 3A is simulated adapting to the picked up 
image data to be a reference data, Fig. 3C is an illustration 
overlapping the reference data of Fig. 3B and the picked up 
image data (pattern data). Fig. 4A is an illustration showing 
one example of distortion of lens. Fig. 4B is an illustration 
showing offset amount of the reference data and the picked up 
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image data when distortion shown in Fig. 4A^^° is present. Fig. 
5 is a conceptual illustration of the conventional apparatus, 
and Fig. 6 is a flowchart of the conventional method - 
1 ... mask 
5 2 . . . stage 

3 ... light source 

4 ... lighting lens 

5 ... magnifying lens 

6 ... image pick-up element 
10 9 . . . laser mirror 

Applicant Toshiba Kikai Kabushiki Kaisha 
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14a: Defect Information 
10: Laser Length 
Measurement System 
12: Stage Driving Circuit 
8: Patten Information 
Comparing Circuit 
16: Correction 
7: Pattern Information 
13: Reference Data 



20: Pattern Measurement 
7: Pattern Information 
16: Correction 

7a: Correction Pattern 
Information 

tSa: Pattern Dimension 
22: Lens Distortion 
iVIeasurement 
23: Distortion Calculation 
24: Correction Amount 
Calculation 
21: Data Comparison 
13: Reference Data 
14a: Defect Information 
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14: Defect Information 
10: Laser Length 
Measurement System 
12: Stage Driving Circuit 
8: Pattern Information 
Comparing Circuit 
13: Reference Data 
7: Pattern Information 



20: Pattern IVIeasurement 
7: Pattern Information 
21: Data Comparison 
13: Reference Data 
15: Pattern Dimension 
14: Defect Information 
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